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ABSTRACT 

In Bellcomm TR-68-710-2, subject "Experiment Payloads 
for Manned Encounter Missions to Mars and Venus," a 1977 triple 
planet flyby mission was selected to illustrate a possible ex- 
periment program to explore Venus and Mars during their respec- 
tive encounter phases. 
ment at Venus is an orbiter serving as an atmospheric balloon 
tracking station and Earth data relay link. The basis for the 
conceptual design o f  this orbiter is described. 
analysis indicates that a probe of approximately 5750 lbs, as 
ejected from the flyby spacecraft, can be placed in a circular 
orbit at an altitude of 4000 km around Venus during the first 
encounter of the mission utilizing a two-stage liquid propulsion 
system. Final weight in orbit is approximately 510 l b s .  A 
phased array antenna enables the satellite to track a complement 
of super-pressure balloons at various locations in the Venus 
atmosphere for a period of 30 days. An omni-directional antenna 
permits the orbiter to relay the data to Earth at a rate commen- 
surate with the available time. Power is provided directly by a 
solar array. 

One of the probes considered for deploy- 
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

M i s s i o n  o p p o r t u n i t i e s  have been  i d e n t i f i e d  f o r  f r ee  
r e t u r n  manned f l y b y  (or e n c o u n t e r )  o f  Venus and Mars. R e f e r e n c e  
1 d i s c u s s e s  a 1977 Earth-Venus-Mars-Venus-Earth m i s s i o n  t o  
i l l u s t r a t e  a p o s s i b l e  exper iment  program t o  e x p l o r e  Venus and 
Mars d u r i n g  t h e  r e s p e c t i v e  e n c o u n t e r  p h a s e s .  Two o f  t h e  f o u r  
t y p e s  of  p r o b e s  c o n s i d e r e d  f o r  deployment  a t  Venus are a 
m e t e o r o l o g i c a l  b a l l o o n  p r o b e  d i s t r i b u t i n g  s u p e r - p r e s s u r e  b a l l o o n s  
i n  t h e  Venus a tmosphere  t o  assess a t m o s p h e r i c  c h a r a c t e r i s t i c s  and 
a companion o r b i t e r  s e r v i n g  as a b a l l o o n  t r a c k i n g  s t a t i o n  and 
E a r t h  da ta  r e l a y  l i n k .  

T h i s  memorandum r e p o r t s  t h e  r e s u l t s  o f  t h e  s t u d y  t h a t  
was conducted  t o  a r r i v e  a t  t h e  c o n c e p t u a l  d e s i g n  o f  t h e  r e l a y -  
o r b i t e r .  A companion memorandum i s  d e v o t e d  t o  t h e  m e t e o r o l o g i c a l  
b a l l o o n  p r o b e .  2 

MISSION CONCEPT 

I n  t h e  t r i p l e  p l a n e t  m i s s i o n ,  m e t e o r o l o g i c a l  b a l l o o n s  
a re  dep loyed  i n  t h e  Venus ian  a tmosphere  t o  measure some o f  t h e  
thermodynamic p a r a m e t e r s  and g r o s s  c i r c u l a t i o n  p a t t e r n s .  

The s t r u c t u r e  of  t h e  Venus a tmosphe re  i s  n o t  w e l l -  
def ined.  Models of  t h e  a tmosphere  and i t s  c i r c u l a t i o n  have 
been  l a r g e l y  i n f e r r e d  from a combina t ion  o f  t h e o r y  and E a r t h -  
based o p t i c a l ,  I R ,  and  r a d i o  wave o b s e r v a t i o n s .  I n  view of  
t h e  ha r sh  envi ronment  ( h i g h  s u r f a c e s  t e m p e r a t u r e s ,  h i g h  u p p e r  
a tmosphe re  winds )  a n t i c i p a t e d  by some i n v e s t i g a t o r s ,  t h e  l i f e -  
t i m e  o f  t h e  b a l l o o n s  i s  u n c e r t a i n .  Consequen t ly ,  t h e  a p p r o a c h  
t a k e n  was t o  u s e  a n  o r b i t e r  t o  t r a c k  t h e  b a l l o o n s ,  o b t a i n  t h e i r  
data,  and  r e l a y  t h e  data  t o  E a r t h .  T h i s  app roach  r e s u l t s  i n  l ess  
weight  and c o m p l e x i t y  of communications equipment  t h a n  t h a t  
r e q u i r e d  i f  e a c h  b a l l o o n  communicated d i r e c t l y  w i t h  E a r t h .  
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The i n t i m a t e  r e l a t i o n s h i p  be tween b a l l o o n  l o c a t i o n  
and o r b i t e r  ground t r a c k ,  as wel l  as t h e  need  t o  have  t h e  
o r b i t e r  working  a t  t h e  t ime t h e  b a l l o o n s  a r e  d e p l o y e d ,  r e q . u i r e s  
c o o r d i n a t i o n  of  t h e  i n j e c t i o n  o f  t h e  two p r o b e s .  

The v a r i o u s  e l e m e n t s  o f  t h e  companion s y s t e m s  ( b a l l o o n  
and o r b i t e r )  a r e  i n t e n d e d  for a 30-day l i f e .  T h i s  s e l e c t i o n  was 
l a r g e l y  tempered  by t h e  es t imated s u r v i v a l  t ime of t h e  b a l l o o n s .  
However, i t  may be f eas ib l e  t o  s h u t  down t h e  o r b i t e r  and  re -  
a c t i v a t e  i t  a t  a l a t e r  da t e .  T h i s  would be  a p p r o p r i a t e  i f  
a n o t h e r  s e t  o f  b a l l o o n  p r o b e s  were d e p l o y e d  a t  t h e  t ime o f  t h e  
f l y b y  v e h i c l e ' s  s econd  Venus e n c o u n t e r .  By c a r r y i n g  a second 
o r b i t e r  w i t h  t h e  s e t  of b a l l o o n  p r o b e s ,  t h e  c rew c a n  conduc t  
t h e  second  e x p e r i m e n t  u t i l i z i n g  one or b o t h  o r b i t e r s .  F u r t h e r ,  
a year  w i l l  have e l a p s e d  between f i r s t  and second  e n c o u n t e r s  and 
t h e  second  e x p e r i m e n t  c a n  be  m o d i f i e d  to t a k e  a d v a n t a g e  o f  i n -  
f o r m a t i o n  d e v e l o p e d  from t h e  f i r s t  m e t e o r o l o g i c a l  e x p e r i m e n t .  

M I S S I O N  PROFILE 

The t r a j e c t o r y  p a r a r r e t e r s  o f  t h e  r e p r e s e n t a t i v e  1977 
t r i p l e  p l a n e t  m i s s i o n  a r e :  ( 3 )  

P e r i a p s i s  P a s s a g e  I n c  1 i n a  t i on 
to P l a n e t a r y  

E n c o u n t e r  Vmykm'sec A l t i t u d e ,  km V e l o c i t y , k m / s e c  O r b i t a l  P l a n e  

F i r s t  Venus 6 . 7  680 

Mars 4 . 4  3960 

Second Venus 7 . 1  700 

1 1 . 8  

5 . 6  

1 2 . 0  

80.4" 

60.30 

80.50 

The e n c o u n t e r  geomet ry  a t  Venus i s  shown i n  F i g u r e  1. (1) 

The d e s i r e d  p a r k i n g  o r b i t  o f  t h e  r e l a y  o r b i t e r  i s  a 
t r a d e - o f f  be tween t r a c k i n g  sys tem power f o r  a d e s i r e d  s p a t i a l  
r e s o l u t i o n  of  b a l l o o n  p o s i t i o n ,  p l a n e t a r y  s u r f a c e  a rea  c o v e r a g e ,  
a n d  d e b o o s t  AV. A s  c i r c u l a r  o r b i t a l  a l t i t u d e  i n c r e a s e s ,  t h e  
r e q u i r e d  d e b o o s t  AV d e c r e a s e s  t o  a minimum, s u r f a c e  c o v e r a g e  
i n c r e a s e s  and s o  d o e s  t h e  r e q u i r e d  power f o r  t h e  t r a c k i n g  s y s t e m .  
From p r e l i m i n a r y  c o n s i d e r a t i o n s  of a n t e n n a  g a i n ,  a n t e n n a  a p e r t u r e ,  
and power r e q u i r e m e n t s ,  a c i r c u l a r  o r b i t  o f  4 0 0 0  km a l t i t u d e  was 
s e l e c t e d .  (4) 
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I n i t i a l l y ,  c i r c u l a r  o r b i t s  as  low as 5 0 0  km were  
c o n s i d e r e d ,  l a r g e l y  b e c a u s e  o f  t h e  o p p o r t u n i t y  t h a t  s u c h  a n  
o r b i t  o f f e r s  f o r  o t h e r  e x p e r i m e n t s ,  s u c h  as p h o t o t o g r a p h y .  
R e s u l t i n g  a n t e n n a  c o n f i g u r a t i o n s  were h i g h  a s p e c t - r a t i o ,  
"wing- l ike"  d e s i g n s  w i t h  wide s e a r c h  w i d t h s  ( p e r p e n d i c u l a r  t o  

Ground s p e e d  was h i g h  ( 4 2 3  km/min) and d e s i g n  o f  t h e  a n t e n n a  
was d i f f i c u l t ,  r e q u i r i n g  s u c h  d e v i c e s  as m u l t i p l e  f o l d i n g  
p a n e l s  w i t h  c a n t i l e v e r i n g .  

g round  t r a c k )  and s h a l l o w  d e p t h s  ( p a r a l l e l  t o  ground t r a c k ) .  (4) 

When o t h e r  c o n s i d e r a t i o n s ,  p r i n c i p a l l y  t h e  t o t a l  mass 
t o  b e  d e b o o s t e d ,  showed t h a t  i t  was i n a d v i s a b l e  t o  combine 
t h e  t r a c k i n g - r e l a y  f u n c t i o n  of t h e  o r b i t e r  w i t h  r e q u i r e m e n t s  
s u c h  as p h o t o g r a p h y ,  h i g h e r  a l t i t u d e  o r b i t s  ( e l l i p t i c a l  a s  w e l l  
as c i r c u l a r )  were c o n s i d e r e d .  Remaining a t  a h i g h  a l t i t u d e  
has s e v e r a l  a d v a n t a g e s :  a g r e a t e r  s u r f a c e  a r e a  may be "viewed" 
a t  any  i n s t a n t ,  t i m e  l i n e s  a r e  l o n g e r  due t o  t h e  i n c r e a s e d  
o r b i t a l  p e r i o d ,  and  t h e  energy  t o  d e b o o s t  f rom t h e  h y p e r b o l i c  
f l y b y  i s  l e s s .  It  a l s o  a v o i d s  t h e  p l a n e t  c o n t a m i n a t i o n  p rob lem,  
e l i m i n a t i n g  t h e  need f o r  probe  s t e r i l i z a t i o n .  

E l l i p t i c a l  o r b i t s  l a r g e l y  s a t i s f y  t h e  r e d u c e d  e n e r g y - t o -  
d e b o o s t  c r i t e r i o n  (5) b u t  o f f e r  l i t t l e  e l s e .  The  u s e f u l  o p e r a t i n g  
a l t i t u d e  i s  g e n e r a l l y  c o n s t r a i n e d  (by  a n t e n n a  and power con- 
s i d e r a t i o n s )  t o  t h e  r e g i o n  of p e r i a p s i s ,  where t h e  o r b i t e r  w i l l  
have a h i g h e r  ground s p e e d  t h a n  a c i r c u l a r  t r a j e c t o r y  a t  p e r i a p s i s  
a l t i t u d e ,  and t h e  s u r f a c e  c o v e r a g e  w i l l  n o t  be any  b e t t e r  t h a n  
t h a t  o f  a c i r c u l a r  o r b i t e r .  F u r t h e r ,  t h e  l o w e s t  a l t i t u d e  c o v e r a g e  
s h o u l d  o c c u r  o v e r  t h e  l a r g e s t  f r a c t i o n  o f  t h e  o r b i t .  C o n s e q u e n t l y ,  
a l t h o u g h  t h e  d e b o o s t  e n e r g y  r e q u i r e m e n t  i s  h i g h e r ,  a c i r c u l a r  
o r b i t  was s e l e c t e d  i n  p r e f e r e n c e  to a n  e l l i p t i c a l  o r b i t  s i n c e  i t  
o f f e r s  a w i d e r  l a t i t u d e  i n s o f a r  as t ime l i n e s  and  b a l l o o n  d e p l o y -  
ment a r e  c o n c e r n e d .  

S i n c e  p e r i a p s i s  p a s s a g e  a l t i t u d e  o f  t h e  p a r e n t  s p a c e -  
c r a f t  i s  abou t  7 0 0  km on b o t h  e n c o u n t e r s ,  t h e  o r b i t e r  p r o b e  w i l l  
be  separated p r i o r  to Venus e n c o u n t e r  and i n j e c t e d  i n t o  a t r a j e c -  
t o r y  w i t h  a p e r i a p s i s  p a s s a g e  h e i g h t  of  4000  km. E n t r y  p a t h  
a n g l e  c o n s i d e r a t i o n s  d i c t a t e  p lacement  of  t h e  b a l l o o n s  i n  t h e  

r e g i o n  of t h e  sub -Ear th  and a n t i - E a r t h  p o i n t s  (2) (see F i g u r e s  1 
and 2 ) .  Consequen t ly ,  t h e  a l t i t u d e  a d j u s t m e n t  w i l l  be combined 
w i t h  a p l a n e  change maneuver s o  t h a t  t h e  o r b i t e r  passes o v e r  t h e  
b a l l o o n  t a r g e t  a r e a .  * 

* F u r t h e r  s t u d y  i s  n e c e s s a r y  t o  examine t h e  a l t e r n a t i v e  
s e q u e n c e  o f  i n j e c t i n g  t h e  b a l l o o n s  a f t e r  t h e  r e l a y  i s  f u n c t i o n i n g  
i n  o r b i t .  
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Parameters of t h e  t r a c k i n g  and da ta  r e l a y  s a t e l l i t e  
o r b i t  a r e :  

a l t i t u d e  = 4,000 km 
o r b i t  r a d i u s  = 1 0 , 0 5 0  km 

o r b i t  v e l o c i t y  = 340.8 km/min 
o r b i t  p e r i o d  = 185 min 

a n g u l a r  v e l o c i t y  = 1.95O/min 
ground speed  = 206 km/min 

Some a d d i t i o n a l  r o t a t i o n  of t h e  o r b i t  p l a n e  may b e  d e s i r a b l e  
a f t e r  t h e  o r b i t  h a s  been  e s t a b l i s h e d .  

F i g u r e  3 i l l u s t r a t e s  t h e  r e l a y  o r b i t e r  t r a c k i n g  
p r o f i l e .  The a n t e n n a  a n g l e  of 55O d e f i n e s  t h e  wid th  o f  t h e  
s e a r c h  beam. 
mot ion  s e r v e s  t o  sweep a ground t r a c k  w i t h  a p l a n e t  c e n t r a l  
a n g l e  of 45'. 
" v i s i b l e "  s u r f a c e  (area i n c l u d e d  w i t h i n  a n g l e  sub tended  by t h e  
p l a n e t  l i m b s )  may be s e e n  on each  o r b i t a l  r e v o l u t i o n .  

The combina t ion  of  a n t e n n a  a n g l e  and o r b i t a l  

A s  a r e s u l t  a p p r o x i m a t e l y  4 2 %  o f  t h e  p o t e n t i a l l y  

C O M M U N I C A T I O N  L I N K  

A .  System Requi rements  

The f u n c t i o n  o f  t h e  o r b i t e r  i s  t o  t r a c k  t h e  b a l l o o n s  
on  e a c h  s u c c e s s i v e  o r b i t ,  a c q u i r e  m e t e o r o l o g i c a l  da t a  from t h e  
b a l l o o n s ,  and r e l ay  t h i s  t o t a l  i n f o r m a t i o n  t o  E a r t h  and p o s s i b l y  
t h e  f l y b y  s p a c e c r a f t  d u r i n g  t h e  time i t  i s  w i t h i n  communication 
d i s t a n c e .  Consequent ly ,  t h e  o r b i t e r  r e q u i r e s  a b a l l o o n  t r a c k -  
i n g - d a t a - a c q u i s i t i o n  subsystem and  a n  Earth-Venus command-data 
l i n k .  

1. Track ing-Da ta -Acqu i s i t i on  Subsystem 

The m e t e o r o l o g i c a l  exper iment  w i l l  d e p l o y  1 2  b a l l o o n s  
i n  two g roups  o f  s i x  ( F i g u r e  2 ) .  
p e r i o d  of  approx ima te ly  3 hour s ,  e a c h  b a l l o o n  w i l l  r e c o r d  approx-  
i m a t e l y  800 b i t s  o f  data .  For  e a c h  o f  t h e  t w e l v e  b a l l o o n s  t o  be 
c o n t a c t e d  on e a c h  o r b i t ,  t h e  r equ i r emen t  upon t h e  t r a c k i n g - d a t a -  
a c q u i s i t i o n  s u b s y s t e m . i s  t o  s e a r c h  t h e  s u r f a c e  w i t h  t h e  widest  
f e a s i b l e  beam w i d t h ,  l o c a t e  each b a l l o o n  and a c q u i r e  t h e  meteoro-  
l o g i c a l  da ta  t h a t  t h e  b a l l o o n  h a s  r e c o r d e d  s i n c e  t h e  l a s t  c o n t a c t .  

I n  t h e  c o u r s e  of one o r b i t a l  

The c o n s t r a i n t s  on t h e  t r a c k i n g  subsys t em a r e :  

a .  T r a c k i n g  sys t em of  t h e  o r b i t e r  must be c o m p a t i b l e  
w i t h  t h e  ground speed  so  as t o  p e r m i t  marking ,  r a n g i n g ,  and i n t e r -  
r o g a t i n g  e a c h  b a l l o o n  on e a c h  p a s s a g e .  

b .  The subsys tem must be c a p a b l e  o f  c o p i n g . w i t h  a 
maximum o f  s i x  b a l l o o n s  i n  t h e  ground p a t t e r n  a t  any I n s t a n t .  
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e. Antenna design should be compatible with the 
orbiter configuration. 

2. Earth-Venus-Command-Data Link Subsystem 

The Earth-Venus command-data link must deliver 
approximately 10,000 bits of  data (12 balloons, 800 bits per 
balloon) to Earth on each orbit. The mission-peculiar con- 
straints are that communication distances between Earth and 
Venus for the two encounters vary from 0.6 A.U. to 1 A.U. (3) 
and that orbiter will be partially occulted by Venus (as 
seen from the Earth) so that maximum communication time is 
approximately 130 minutes per orbit. This time availability 
is a mild constraint at first Venus encounter, but may be a 
severe constraint at second encounter where there is a cap- 
ability for using two orbiters. 

The balloon tracking mode is best served by a 
planet-centered attitude control system whereas the Earth-Venus 
communication mode is best served by an Earth-pointing attitude 
control system. (An objective of the configuration analysis 
was to minimize the need f o r  articulating or deployable structures.) 

B. Balloon Tracking and Data Acquisition Subsystem 

The balloon tracking communication system is made up 
of a square array antenna, approximately 55 inches on a side, 
with 10 rows of 10 elements each. The antenna aperture (Figure 
3) is 55' and t h e  search beam is 55' crosstrack and 5' downtrack. 
This system with its auxiliary electronics and logic weighs 
approximately 135 lbs and requires100 watts of regulatedpower. (4) 

In principle the tracking system operates in two modes, 
search and acquisition. During search the antenna is phased in 
one plane and generates a beam 55' wide that sweeps the surface 
due to theorbiter's motion. When a balloon is acquired, the 
antenna is fully phased and the search beam focuses to a 5 O  
conical beam that tracks the balloon while the meteorological 
data is acquired. After data acquisition the system returns to the 
search mode. A more detailed explanation of the operation is 
presented in Appendix A. 

C. Earth-Venus Command-Data Link 

The principal considerations in selection of this 
subsystem were communication distance, information quantity, 
and available transmission time. The assumption was made that 
an Earth-based receiver will always be available. The orbiter 
acquires about 10,000 bits per orbit. To deliver this at a 
high data rate, say 1 kbs, requires a large and highly directional 
antenna on the orbiter and 20-50 watts of radiate2 power. Further, 
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s i n c e  one  s e t  o f  b a l l o o n s  i s  dep loyed  a t  t h e  sub -Ear th  p o i n t  
on f i r s t  Venus e n c o u n t e r  s i m u l t a n e o u s  o p e r a t i o n  o f  t h e  b a l l o o n  
t r a c k i n g  s y s t e m  and E a r t h  d a t a  l i n k  would be  r e q u i r e d  f o r  s h o r t  
p e r i o d s .  S i m u l t a n e o u s  o p e r a t i o n  o f  t h e  b a l l o o n  t r a c k i n g  s y s t e m  
and  a d i r e c t i o n a l  E a r t h  p o i n t i n g  a n t e n n a  would r e q u i r e  a r t i c u l a -  
t i o n  of t h e  a n t e n n a  as  w e l l  a s  a c o n t r o l  s y s t e m  to a c q u i r e  and 
h o l d  t h e  E a r t h  s t a t i o n .  R e o r i e n t a t i o n  o f  t h e  s a t e l l i t e  would 
b e  p r e c l u d e d .  

On t h e  o t h e r  hand ,  a d a t a  r a t e  o f  5 bps  would p e r m i t  
a n  o m n i - d i r e c t i o n a l  a n t e n n a  f o r  a p p r o x i m a t e l y  t h e  same power 
r e q u i r e m e n t .  T h i s  e a s e s  t h e  a n t e n n a  p o i n t i n g  problem b u t  i n -  
c r e a s e s  t h e  communicat ion t ime  f rom a p p r o x i m a t e l y  1 0 - 2 0  s e c o n d s  
to 33 m i n u t e s .  S i n c e  t h e  t ime  may b e , d o u b l e d  on t h e  second  
Venus e n c o u n t e r ,  i f  b o t h  o r b i t e r s  a re  work ing ,  t h e  t i m e  r e -  
q u i r e m e n t  c o u l d  be  s i g n i f i c a n t .  

Tak ing  t h e  above p o i n t s  i n t o  c o n s i d e r a t i o n ,  t h e  E a r t h -  
Venus command-data subsys t em was c o n f i g u r e d  as a n  o m n i - d i r e c t i o n -  
a1 a n t e n n a  sys t em s u p p l i e d  wi th  70 wat ts  o f  r e g u l a t e d  power.  Sys tem 
we igh t  i s  1 5  pounds and d a t a  r a t e  i s  5 b p s .  (4) 

POWER SYSTEMS 

The p r i n c i p a l  consumers o f  power a re  t h e  b a l l o o n  t r a c k i n g  
s u b s y s t e m s ,  t h e  E a r t h  command-data l i n k ,  and t h e  a t t i t u d e  c o n t r o l  
s y s t e m .  The e s t i m a t e d  power r e q u i r e m e n t s  a r e :  

B a l l o o n  t r a c k i n g :  1 0 0  watts,  a v g .  
E a r t h  command-data l i n k :  7 0  wat ts ,  a v g .  
A t t i t u d e  C o n t r o l  Sys tems:  50 wa t t s ,  avg .  
Housekeeplng:  5 0  w a t t s ,  a v g .  

The r e l a y  o r b i t e r ' s  d imens ions  ( F i g u r e  4) p e r m i t  a p r o j e c t e d  
s u n l i t  area of  more t h a n  30 sq.  f t .  o f  s o l a r  a r r a y .  A t  Venus , 
t h e  s o l a r  a r r a y  w i l l  g e n e r a t e  1 0  wat ts  o f  power p e r  p r o j e c t e d  
s q u a r e  f o o t  of  s o l a r  a r r ay .  C o n s e q u e n t l y ,  more t h a n  3 0 0  wa t t s  of 
e l e c t r i c a l  power a r e  g e n e r a t e d .  The r e l a y  i s  n o t  o c c u l t e d  w i t h  
r e s p e c t  to t h e  sun  d u r i n g  t h e  30-day p e r i o d  f o l l o w i n g  i n s e r t i o n  
i n t o  t h e  Venus o r b i t  on e i t h e r  e n c o u n t e r .  S i n c e  t h e  maximum 
demand i s  a p p r o x i m a t e l y  280 watts, t h e  power s y s t e m  may b e  
d e s i g n e d  t o  r u n  d i r e c t l y  o f f  t h e  s o l a r  a r r ay .  A s e c o n d a r y  b a t -  
t e r y  ( 6 ampere-hour ,  24 v o l t , 2 0  c e l l ,  N i - C d ,  1 4 4  w a t t - h o u r  ) 
would a l s o  be  i n s t a l l e d  i n  o r d e r  t o  p r o v i d e  power f o r  s h o r t  t e r m  
c o n t i n g e n c i e s  and f o r  t h e  p e r i o d  a f t e r  s p a c e c r a f t  s e p a r a t i o n  and 
up to Venus o r b i t  i n s e r t i o n .  
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The b a l l o o n  t r a c k i n g  sys t em d o e s  n o t  have t o  be o p e r a t i n g  
c o n t i n u o u s l y .  S i n c e  t h e  b a l l o o n s  w i l l  be  i n i t i a l l y  dep loyed  i n  
g r o u p s  of s i x ,  156" a p a r t ,  t h e  t r a c k i n g  subsys tem can  be  t u r n e d  
on when t h e  r e l a y  o r b i t e r  i s  a p p r o x i m a t e l y  45" f rom i n i t i a l  
b a l l o o n  z e n i t h  and t u r n e d  off a p p r o x i m a t e l y  45" a f t e r  z e n i t h  
p a s s a g e .  On t h i s  b a s i s ,  t h e  t r a c k e r  would b e  o p e r a t i n g  on a 50% 
d u t y  c y c l e .  The e f f e c t  on subsys tem l i f e  of o p e r a t i n g  i n  t h i s  
mode r e q u i r e s  f u r t h e r  s t u d y .  

The A C S  w i l l  b e  o p e r a t i n g  i n  a l i m i t  c y c l e  mode and 
may be  p a r t i a l l y  t u r n e d  o f f  f o r  l o n g  p e r i o d s  ( h o r i z o n  s c a n n i n g  
l o o p  f o r  s t a b i l i z a t i o n  of l o c a l  v e r t i c a l )  i f  g r a v i t y  g r a d i e n t  
s t a b i l i z a t i o n  can  be s u c c e s s f u l l y  a p p l i e d .  The E a r t h  command- 
da ta  l i n k  w i l l  be  o p e r a t i n g  f o r  a p p r o x i m a t e l y  2000  seconds  p e r  
o r b i t  ( 1 0 , 0 0 0  b i t s  a t  5 b p s )  or a p p r o x i m a t e l y  a 33% d u t y  c y c l e .  

ATTITUDE CONTROL SYSTEM (ACS) 

A s  n o t e d  e a r l i e r ,  t h e  t r a c k i n g  mode r e q u i r e s  a p l a n e t  
c e n t e r e d  o r i e n t a t i o n .  S i n c e  t h e  mass d i s t r i b u t i o n  and moments of 
i n e r t i a  have n o t  been de te rmined ,  t h e  ACS s e l e c t e d  for p u r p o s e s  of 
t h i s  s t u d y  i s  based on s i m i l a r  subsys t ems  a l r e a d y  i n  o p e r a t i o n ,  
Nimbus and Lunar  O r b i t e r ,  as w e l l  as more advanced s t u d i e s  a l r e a d y  

c omp l e t  ed  . (6) The A C S  would u s e  h o r i z o n  s e n s o r s  and a c o l d  g a s  
r e a c t i o n  c o n t r o l  sys t em t o  p o i n t  t h e  b a l l o o n  t r a c k i n g  a n t e n n a  
down t h e  l o c a l  v e r t i c a l .  L i m i t  c y c l e  bandwidth would b e  l e s s  t h a n  
1'. System weight  would be 90 l b s ,  and power consumption approx-  
i m a t e l y  50 wat t s  of  r e g u l a t e d  power.  G r a v i t y  g r a d i e n t  s t a b i l i z -  
a t i o n  i s  v e r y  a t t r a c t i v e  and developments  i n  t h i s  area s h o u l d  b e  
a p p l i e d  a s  f e a s i b i l i t y  i s  d e m o n s t r a t e d .  

A N C I L L A R Y  SUBSYSTEMS 

A w e i g h t  of  35 l b s  h a s  been r e s e r v e d  f o r  a n c i l l a r y  
equipment s u c h  as a r e c o r d e r ,  a programmer,  and a s s o c i a t e d  
e l e c t r o n i c s .  

PROPULSION SUBSYSTEM 

The p r o p u l s i o n  subsystem has been d e f i n e d  on t h e  
a s sumpt ion  t h a t  t h e  maneuvers t o  a d j u s t  p e r i a p s i s  p a s s a g e  a l -  
t i t u d e  and i n i t i a l  o r b i t  p l a n e  a re  performed a t  Venus e n c o u n t e r  
and some r e s e r v e  i s  k e p t  for o r b i t a l  p l a n e  changes  a f t e r  o r b i t  
i n s e r t i o n .  

Based on a f i n a l  weight  of 510 l b s  i n  Venus o r b i t ,  t h e  
p robe  p r o p u l s i o n  sys tem would b e  a 2 - s t age  h y p e r g o l i c  b i - p r o p e l l a n t  
sys tem w i t h  a vacuum s p e c i f i c  impu l se  of  325 s e c o n d s .  S t a g e  I 
r e q u i r e s  two b u r n s ,  one a t  i n j e c t i o n  t o  change t h e  p e r i a p s i s  
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p a s s a g e  a l t i t u d e  and  i n i t i a l  o r b i t  p l a n e  and  a second  a t  p e r i -  
a p s i s  t o  i n i t i a t e  i n s e r t i o n  i n t o  p l a n e t a r y  o r b i t .  S t a g e  I1 
c o m p l e t e s  t h e  i n s e r t i o n .  

The t o t a l  v e l o c i t y  change r e q u i r e m e n t  o f  6 . 2 5  km/sec 
i s  compr i sed  m a i n l y  o f  t h e  de -boos t  v e l o c i t y  change  ( approx-  
i m a t e l y  5 km/sec) p l u s  a mid-course a l l o w a n c e  ( a p p r o x i m a t e l y  500 
m e t e r s / s e c )  f o r  a d j u s t m e n t  of  p e r i a p s i s  h e i g h t  and o r b i t a l  
p l a n e  i n c l i n a t i o n .  The b a l a n c e  o f  t h e  b u d g e t e d  v e l o c i t y  change 
r e p r e s e n t s  a d e s i g n  r e s e r v e  and a c a p a b i l i t y  f o r  f u r t h e r  maneu- 
v e r i n g  a f t e r  o r b i t  i n s e r t i o n .  T h i s  t o t a l  v e l o c i t y  change  re- 
q u i r e m e n t  was d i v i d e d  e q u a l l y  be tween t h e  two s t a g e s .  Probe  
w e i g h t  i s  b a s e d  on i m p u l s i v e  b u r n i n g ,  a p r o p e l l a n t  f r a c t i o n  o f  
0 . 8 7 ,  and  a f i n a l  we igh t  i n  o r b i t  of  510  l b s .  
of S t a g e  I i s  4040 l b s  and p r o p e l l a n t  we igh t  i s  3590 l b s .  The 
g r o s s  we igh t  o f  t h e  S t a g e  I1 p r o p u l s i o n  s y s t e m  i s  1 2 0 0  l b s ,  
and  t h e  p r o p e l l a n t  we igh t  i s  1 0 6 5  l b s .  

The g r o s s  weight  

Each s t a g e  would have a s i n g l e  r a d i a t i o n  c o o l e d  t h r u s t  
chamber s i z e d  f o r  a b o u t  1-g t h r u s t  l o a d i n g .  Four s p h e r i c a l  t a n k s  
would c o n t a i n  t h e  S t a g e  I p r o p e l l a n t s  and  two t a n k s  would be re -  
q u i r e d  f o r  S t a g e  11. 

The r e l a y  o r b i t e r  weight  summary i s  as f o l l o w s :  

R e l a y  O r b i t e r  
Power & Thermal  C o n t r o l  

Communication Subsystem 
A t t i t u d e  C o n t r o l  S y s t e m  
S t r u c t u r e  
Equipment 

Prope 1 l a n t  s 
I n e r t  components 

P r o p e l l a n t s  
I n e r t  components  

Subsystem 

S t a g e  I1 P r o p u l s i o n  System 

S t a g e  I 

510  l b s  

150  l b s  
150 l b s  

90 l b s  
85  l b s  
35 1 b s  

1065  l b s  
135 l b s  

3590 1 b s  
450 l b s  

1 2 0 0  l b s  

4040 l b s  

TOTAL 5750 1 b s  

CONCLUSION 

T h i s  s t u d y  of a Venus r e l a y  o r b i t e r  h a s  shown t h a t  a 
u s e f u l  v e h i c l e  c a n  be  d e s i g n e d  f o r  a w e i g h t  of  a p p r o x i m a t e l y  
510  l b s  i n  o r b i t  and 5750 l b s  as  l a u n c h e d  f rom t h e  f l y b y  s p a c e -  
c r a f t .  I n  t h e  c o u r s e  o f  t h i s  s t u d y  i t  became a p p a r e n t  t h a t  
a d d i t i o n a l  s t u d i e s  would be u s e f u l  i n  f u r t h e r  d e f i n i n g  t h e  
c o n c e p t  : 

1. S e a r c h  subsys t em -- O p t i m i z a t i o n  o f  t h e  r e l a t i o n s h i p s  
be tween a n t e n n a  a n g l e ,  o r b i t  c h a r a c t e r i s t i c s ,  power 
r e q u i r e d ,  and d e s i g n  f e a s i b i l i t y .  



BELLCOMM. I N C .  - 9 -  

2. 

3 .  

4. 

5 .  

6. 

M i s s i o n  p r o f i l e  -- P l a n e t  approach  sequence  t o  minimize  
v e l o c i t y  and d i r e c t i o n  changes .  

Power s y s t e m  -- Power s y s t e m  s i z i n g  based  on improve- 
ments  i n  t h e  s t a t e - o f - t h e - a r t  o f  s econdary  b a t t e r y  
sys t ems  and s o l a r  a r r a y s .  

S t a b i l i z a t i o n  and c o n t r o l  -- Use o f  a g r a v i t y  g r a d i e n t  
sys t em,  no t  o n l y  to r e d u c e  t h e  weight  of t h e  c o l d  g a s  
A C S ,  b u t  a l s o  t o  improve p o i n t i n g  a c c u r a c i e s .  

Thermal c o n t r o l  -- F e a s i b i l i t y  o f  p a s s i v e  t h e r m a l  con- 
t r o l  a t  a d i s t a n c e  of 0 . 7  A . U .  from t h e  s u n  and 
a l t e r n a t e  t h e r m a l  c o n t r o l  s y s t e m s .  

P r o p u l s i o n  sys t em -- S t r a t e g y  f o r  t h e  AV d i s t r i b u t i o n  
between t h e  two p r o p u l s i v e  s t a g e s .  Examina t ion  of  
h i g h e r  energy  and lower s p e c i f i c  volume s y s t e m s .  

IV!. C u t l e r  



BELLCOMM, INC. 

REFERENCES 

1. Thompson W. B., et al, "Experiment Payloads for Manned 
Encounter Missions to Mars and Venus," Bellcomm 
TR-68-710-2, February 21, 1968. 

2. Briggs G. A. and Grenning E. M., "Manned Venus Flyby 
Meteorological Balloon System," Bellcomm memorandum 
under preparation. 

3. Greer, c. Le, "Planet Illumination During Manned Planetary 
Encounter Missions," Bellcomm Memorandum for File, 
August 23, 1967 

4. Klein E., "Venus Orbiter System for Communication, 
Tracking, and Data Relay ," Bellcomm memorandum 
under preparation. 

5. Luidens R., Miller B., "Efficient Planetary Parking 
Orbits with Examples f o r  Mars," NASA TN D -3220, 
January 1966. 

6. The Boeing Company, "Study of Applicability of Lunar 
Orbiter Subsystems to Planetary Orbiters," NASA Cr- 
66302, March 15, 1967. 



. 

V I  EW ON ARRl  V A L  

T I -EARTH 
PO I NT 

V I E W  ON DEPARTURE 

F I G U R E  I - F I R S T  VENUS ENCOUNTER - V I E W  ON A R R I V A L  AND DEPARTURE 



e . 

w n  
W L  
-3 

p: 
W c 
L 
3 
0 
0 

3 
u) 
3 
L 
W > 

L 
0 
0 
W 
u) 

n 

M 
W c 
L = 
0 
0 
L 
W 

B 
W c 

LL 
0 

c 
p: 
0 

2 a 
c 

- 
m 

- - 
f 

v) 
4 
W 
p: a 
c 
W 
CI 
p: 
4 c 

CI 
0 

L 
L 
I 

N 

. 



A L T I T U D E  = 4,000 KM 
O R B I T  RADIUS = 10,050 KM 
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Y I 
FIGURE 3 - BALLOON TRACKING AND DATA RELAY 

ORB ITER TRACK I NG GEOMETRY 
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APPENDIX A 

T r a c k i n g  Subsystem 

The t r a c k i n g  subsys t em a n t e n n a  ground p a t t e r n  i s  
i l l u s t r a t e d  i n  F i g u r e  5 .  The p a t t e r n  i s  g e n e r a t e d  b y  a s q u a r e  
a r r a y ,  a p p r o x i m a t e l y  55 i n c h e s  on a s i d e ,  which i s  made up of  
1 0  rows of 1 0  e l e m e n t s  e a c h .  I n  t h e  s e a r c h  mode t h e  a n t e n n a  
i s  p a r t i a l l y  phased (one  p l a n e )  and g e n e r a t e s  a "b rush - type"  
beam 55' wide and 5' deep.  The mot ion  o f  t h e  o r b i t e r  c a u s e s  
t h e  beam t o  sweep t h e  Venus s u r f a c e .  

When t h e  s e a r c h  beam a c q u i r e s  a b a l l o o n ,  t h e  a n t e n n a  
a r r a y  f o c u s e s  ( f u l l y  phased  a r r a y )  on t h i s  b a l l o o n  w i t h  a 5' 
c o n i c a l  beam and t r a c k s  t h e  b a l l o o n  as it  moves a c r o s s  t h e  
a n t e n n a ' s  p a t t e r n .  I n  t h e  f u l l y  phased  a r r a y  mode t h e  beam i s  
l i m i t e d  t o  t h e  55" a n g l e  of t h e  a n t e n n a .  T h i s  means t h a t ,  i f  
t h e  55' s e a r c h  beam were a t  t h e  l e a d i n g  edge  o f  t h e  a n t e n n a  
ground p a t t e r n  and a b a l l o o n  were d e t e c t e d  a t  t h e  f a r  l e f t  ( o r  
r i g h t )  l i m i t  o f  t h e  s e a r c h  beam, t h e  a n t e n n a  c o u l d  n o t  f o c u s  
on it because  t h e  b a l l o o n  would be o u t s i d e  t h e  a n t e n n a  beam 
( d e f i n e d  by t h e  c i r c l e  i n  F i g u r e  5 ) .  For t h i s  r e a s o n  t h e  s e a r c h  
beam i s  l o c a t e d  a t  t h e  f o u r t h  "row" and o n l y  t h e  f i e l d  d e f i n e d  
by rows 4-7,  i n c l u s i v e ,  i s  a c t u a l l y  u s e d .  

The o p e r a t i o n  of  t h e  sys t em w i t h i n  t h e  t i m e  l i n e  
c o n s t r a i n t s  i s  d e s c r i b e d  by means o f  an i l l u s t r a t i v e  example .  
C o n s i d e r  t h e  c a s e  o f  t h e  s e a r c h  beam a c q u i r i n g  a l l  s i x  b a l l o o n s  
s i m u l t a n e o u s l y .  The o r b i t e r  w i l l  e n e r g i z e  a l l  s i x  b a l l o o n s  and 
t h e n  f o c u s  on a b a l l o o n  s e l e c t e d  i n  a c c o r d a n c e  w i t h  a h i e ra r -  
c h i c a l  l o g i c .  I f  t h e  onboard computer  d o e s  n o t  r e j e c t  t h e  
b a l l o o n  r e s p o n s e  ( s ee  be low) ,  t h e  b a l l o o n  i d e n t i f i c a t i o n ,  l o c a t i o n  
l e f t  or r i g h t  of  ground t r a c k ,  r a n g e ,  d o p p l e r ,  and m e t e o r o l o g i c a l  
da t a  are e n t e r e d  i n t o  t h e  onboard memory. T h i s  t akes  a p p r o x i m a t e l y  
20 s e c o n d s ,  d u r i n g  which t h e  a n t e n n a  i s  e l e c t r o n i c a l l y  t r a c k i n g  
t h e  b a l l o o n .  No a n t e n n a  a r t i c u l a t i o n  o r  change i n  o r b i t e r  a t -  
t i t u d e  i s  r e q u i r e d .  

When data a c q u i s i t i o n  i s  comple t e ,  t h e  sys t em w i l l  
r e t u r n  t o  t h e  s e a r c h  beam mode a t  t h e  a n t e n n a  l o c a t i o n  where 
c o n t a c t  w i t h  t h e  p r e v i o u s  b a l l o o n  was comple t ed .  S i n c e  t h e  
b a l l o o n  v e l o c i t i e s  r e l a t i v e  t o  t h e  s u r f a c e  are  not  e x p e c t e d  t o  
be  more t h a n  3 km/min, whereas  t h e  o r b i t e r ' s  ground speed  i s  
206  km/minute, t h e  mot ion  o f  t h e  b a l l o o n s  r e l a t i v e  t o  t h e  
o r b i t e r  i s  n e g l i g i b l e  d u r i n g  t h e  t i m e  o f  t h e  o r b i t e r  p a s s a g e .  
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When t h e  s e a r c h  beam i s  formed a g a i n ,  t h e  b a l l o o n s  w i l l  s t i l l  
l i e  on a l i n e  a p p r o x i m a t e l y  p e r p e n d i c u l a r  t o  t h e  ground t r a c k .  
Again t h e  o r b i t e r  w i l l  e n e r g i z e  a l l  b a l l o o n s  i n  t h e  s e a r c h  beam, 
s i n c e  t h e  beacons  on t h e  r ema in ing  f i v e  b a l l o o n s  w i l l  have s h u t  
down due  t o  a t i m i n g  s w i t c h ( 2 )  w h i l e  t h e  f i r s t  b a l l o o n  was b e i n g  
i n t e r r o g a t e d .  The o r b i t e r  w i l l  t h e n  f o c u s  on a b a l l o o n  s e l e c t e d  
i n  a c c o r d a n c e  w i t h  t h e  h i e r a r c h i c a l  l o g i c .  However, i f  t h i s  
b a l l o o n  has a l - r eady  been i n t e r r o g a t e d ,  f u r t h e r  c o n t a c t  w i l l  b e  
t e r m i n a t e d  and t h e  t r a c k i n g  s y s t e m  w i l l  f o c u s  on t h e  n e x t  un- 
i n t e r r o g a t e d  b a l l o o n .  

When da t a  a c q u i s i t i o n  i s  comple t e ,  t h e  c y c l e  i s  re -  
p e a t e d  u n t i l  a l l  s i x  b a l l o o n s  are  i n t e r r o g a t e d .  T o t a l  e l a p s e d  
t i m e  w i l l  be  on t h e  o r d e r  o f  two m i n u t e s .  

Should  t h e  b a l l o o n s  s p r e a d  o u t  a l o n g  t h e  ground t r a c k  
i n s t e a d  o f  a c r o s s  t h e  ground t r a c k ,  t h e r e  i s  no problem.  The 
s e a r c h  beam w i l l  r e - form a t  t h e  l o c a t i o n  of t h e  l a s t  comple ted  
a c q u i s i t i o n  and r ema in  a t  t h e  l o c a t i o n  u n t i l  t h e  n e x t  c o n t a c t .  
At t h e  o r b i t e r  ground speed  of 2 0 6  km/minute t h e r e  are  more t h a n  
4 0 0  seconds  of t i m e  a v a i l a b l e  i n  t h e  d e p t h  of  t h e  a c t i v e  p o r t i o n  
of t h e  a n t e n n a  p a t t e r n .  For s i x  b a l l o o n s  t h i s  p e r m i t s  more 
t h a n  a minu te  c o n t a c t  w i t h  each  b a l l o o n .  Only 20-23 seconds  are 
r e q u i r e d .  

S i n c e  t h e  b a l l o o n s  w i l l  b e  deployed  a t  d i a m e t r i c a l l y  
o p p o s i t e  l o c a t i o n s  ( F i g u r e  2 ) ,  t h e  n a t u r a l  g r o u p i n g  of  two s e t s  
o f  s i x  e a c h  w i l l  b e  m a i n t a i n e d  d u r i n g  t h e  e x p e c t e d  l i f e  o f  t h e  
b a l l o o n s .  T h e r e f o r e ,  it a p p e a r s  p o s s i b l e  t o  t u r n  o f f  t h e  t r a c k -  
i n g  sys t em ( o r  reset  i t  t o  z e r o )  a f t e r  t h e  computer  r e c o g n i z e s  
t h e  a c q u i s i t i o n  of t h e  s i x t h  b a l l o o n .  T h i s  c o u l d  a l s o  be  ac-  
compl i shed  by a c l o c k  on t h e  o r b i t e r  t h a t  i s  s y n c h r o n i z e d  t o  t h e  
i n i t i a l  l o c a t i o n s  of t h e  b a l l o o n s  and t u r n s  t h e  t r a c k i n g  s y s t e m  
on 4 5 O  b e f o r e  z e n i t h  p a s s a g e  and t u r n s  t h e  s y s t e m  o f f  45' a f t e r  
z e n i t h  p a s s a g e .  T h i s  would a l l o w  f o r  t h e  s i t u a t i o n  where one o r  
more of t h e  s i x  b a l l o o n s  no l o n g e r  a p p e a r s  ( e i t h e r  because  i t  
has been  d e s t r o y e d  or has d r i f t e d  t o o  f a r ) .  
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